Abstract
Introduction

Historical on the Evolution of the Microstip Antenna
In the late 1970s microstrip antenna embarked on its journey and by the beginning of 1980s microstrip antennas were fully in operation for antenna design and modeling (Fiedziuszko, 2001 ). In the last few decades microstrip antennas or printed antennas have been extensively used because of their characteristic advantages like low profile, light weight, low cost and ease of fabrication. A microstrip antenna consists of a conducting or radiating patch on one side of the substrate and ground plane on the other side, these patches are made up of conducting materials like copper or gold. They are photo etched on the dielectric substrate (Lopez-Villegas, 2000 and Krupka, 1998) . These printed antennas radiate because of fringing field effect between the patch edge and ground plane. In recent years dual band microstrip patch antennas (MPAs) are extensively used in different fields of communication, for their compact size, versatility, low-cost and high performance (Pozar, 1998) . By utilizing dual band antenna, system performance can be increased and it gives reliability to the antenna designer for connecting different communication devices for transmitting and receiving signals. Dual band E-shape antennas are used in satellite communication and radar system communications, multi frequency communication, object detection systems and speed test in vehicle etc. (Collin, 1992 and Hammerstad, 1975) .
Though, narrow bandwidth has always been a problem encountered with these antenna types and due to these limitations, the need for research to investigate and overcome this issue is of high demand. Numerous techniques have been applied to enhance the performance of the microstrip antennas such as increasing the substrate thickness or modifying the shape of the patch (Islam, 2013) .
In this research, An E shaped microstrip patch antenna is designed and simulated via the ADS software to receive Wi-Fi signals that can operate in 2.4 GHz and 5.8 GHz with a bandwidth for both resonating point of frequencies at approximately 1 GHz. The microstrip patch antenna basically is an "E" slot antenna cut into a "hole" and lies on a piece of RF conductor with a certain thickness as shown in 
Research Objective
The objective of this research is to design, simulate and fabricate a slotted E-Patch coaxial cable fed microstrip antenna to obtain an improved performance. Likewise, to achieve a dual band reception mode that can be operable in a 2.4 GHz and 5.8 GHz microwave frequency range. Subsequently, the S11 result must be less than or equal to -20 dB because it tells how much signal will be reflected back to the input of the RF source. This generally implies the lower the magnitude of the S11 the better the performance. The S11 is also an important parameter used in determining the VSWR factor and calculating the antenna impedance.
2.
Literature Review
Introduction
This chapter will present the review of theory and also the related works for the patch antenna. This is of high relevance to the research before proceeding to the design and practical works. Several antenna parameters such as the VSWR, impedance, gain, radiation pattern and Sparameter will be discussed briefly.
Furthermore, this chapter will also review previous papers published. Papers published below 2010 may not be reviewed as the technologies proposed may be obsolete or unable to be applied in this research work. It is crucial to review those papers because it aids in understanding the design steps of the antenna as well as modifications made by other researchers to improve the antenna performance.
Antenna Parameters
Antenna parameters are important because they are the factors that determine the performances for all antenna types. A good antenna will have a precisely matched impedance of 50, VSWR should be less than 2, high gain and the S11 parameter pointing to the resonance frequency. If the antenna needs wide bandwidth, the return loss graphs will show S11 parameters less than -20 dB magnitude throughout a wide range of frequency.
Radiation Pattern and Directivity
The radiation pattern of an antenna is the shape of the electromagnetic energy radiated from or received by that antenna. Most antennas have directional characteristics which causes them to radiate or receive energy in a specific direction. Typically, that radiation concerned in a pattern has a reorganizable geometric shape.
The radiation pattern of a half dipole has the shape of a doughnut. The dipole is at the center hole of the doughnut and the shape itself represents the radiated energy. The energy radiated can be in 360 around the environment or it can be specifically in one direction. If the radiated electromagnetic waves are in one direction, that means the antenna can be said to have high directivity (IEEE Transactions, 1983).
2.2.2Antenna Gain
The gain of an antenna is defined as effective radiated output power in comparison with the input power. The effective radiated power is the actual power that would have to be radiated by a reference antenna to produce the same signal strength at the receiver as the actual antenna produces. Antenna gain usually is expressed in dB (Constantine, 2005).
2.2.3Antenna Impedance
The impedance of an antenna is important to determine the maximum power transferred or received. Antenna impedance usually depends on the structure design and frequency. In practice, the impedance of an antenna should be kept as close to 50  as possible. This is crucial because the antenna impedance has to match the impedance of coaxial cable where the signal is injected from the source to the antenna. If the antenna impedance is matched to the line impedance, the injected signal will not experience losses, but accepting these input signals at the terminal (Sonia Sharma, 2017).
VSWR (Voltage Standing Wave Ratio)
The VSWR of an antenna is vital in measuring how efficiently a radio frequency power can be transmitted from a power source, through a transmission line and into a load. Very often a transmission line terminated at the antenna is usually not equal to the characteristic impedance. When a transmission line is mismatched to the antenna, the antenna impedance is unable to absorb the entire power incident upon it and so some of this power is reflected back towards the sending end of the line. If the sending end terminals are matched to the source impedance, all of the reflected energy will be absorbed by the source impedance and there will be no further reflections. On the other hand, if the sending end of the line is also mismatched, some of the energy will be reflected by the antenna impedance and further reflected at the sending end terminals and thus will be sent back towards the load again (Thomas A. Milligan, 2005).
S-parameters
S parameters are important to determine the impedance matching and maximum power flow to the antenna. There are four types of S parameters: S11 -Input reflection coefficient S12 -Reverse transmission coefficient S21 -Forward transmission coefficient S22 -Output transmission coefficient For antenna measurement, the values of S11 and S22 can be used to determine the antenna coefficient. But the S11 is the best choice to be used as it can measure how much signal will be reflected back from the antenna to the input coefficient. For the concept of the S-parameter, let's imagine a signal flowing from left to right with an arrow pointing to the right. This arrow indicates the flow of the power to the transducer and if the impedance is matched, a maximum power transfer will occur. If the impedance of the transducer is different with the transmission line, the signal will be reflected back (Yi Huang, 2008).
Reviews on Related Research Works
This Sector illustrates other research reviews on slotted Microstrip patch antennas. The presented works were carried out by other researchers less than a decade ago, which shows proof that the slotted microstrip patch antenna does exhibit several relating properties to this research. The antenna lies on an FR-4 substrate which has a thickness of 1.57 mm and a relative permittivity of 4.4. The antenna was simulated from frequency of 3 GHz to 10 GHz which shows the S11 results as seen in Figure 2 .2. Notice that, the antenna exhibits a dual band mode which occurs at 3.6 GHz and 5.2 GHz. The best S11 result is at 3.6 GHz which give -32 dB and -23 dB at 5.2 GHz of S11 magnitude (Garima, Amanpreet and Rajesh 2013).
"U" Slot
Slotted "A" Rectangular Microstrip Patch Antenna
In the paper presented by (Bharat Rochani, 2012), a slotted "A" rectangular Microstrip patch antenna is studied. The paper shows that the antenna lies on FR4 epoxy material which has a thickness of 3.2 mm. The substrate that holds the epoxy has a thickness of 10 mm. Other physical appearance of the antenna is shown in Figure 2 .3. .4 illustrates the simulation result for S11 parameters of the antenna. Notice that it is dual band where the antenna gets resonance at 4 GHz and 10 GHz. At 4 GHz, the antenna has -30 dB magnitude of S11 whereas at 10 GHz, the antenna has -23 dB of S11 magnitude (Bharat, 2012).
Slotted "T" Microstrip Patch Antenna
Another dual band design of the microstrip patch antenna can be found in the paper presented by (Rajan Tiwari, Surya Paratap, Rahul Yadav, Parvesh Kumar and Virendra Kumar Rao, 2014). In this research, the antenna lies on an FR-4 substrate with a 1.6 mm thickness. Typical design is shown in Figure 2 .5. The CST CAD software was used to run the simulation for the "T" slotted patch antenna and the result of S11 is shown in Figure 2 .6. From the S11 results, it can be seen that there are two points of resonance with one at 3.8 GHz with a return loss of -17 dB and the other is at 7.2 GHz with a return loss of -16 dB, this exhibits dual band and the antenna can receive or transmit the signals at these two points of frequencies only (Rajan, Surya, Rahul, Parvesh and Virendra, 2014).
Summary of the Literature Review
From the aforementioned data presented, it can be observed that there have been quite a number of research works done on the slotted patch antenna for various frequencies. Several of them use different techniques, shapes and dimensions. There are certain limitations to be considered; for instance the A patch is restricted to only ultra-high range frequencies and the T patch has a return loss below -20 dB. No matter or whichever ways they operate, the most important criterion is to ensure the signal transmitted can be received at the receiving device.
Design Methodology
Introduction
One of the features of a successful research is strict adherence to a good methodology. Hence, this research will be focused more on the quantitative than that of the qualitative approach, where both research methods will be applied to address the objectives and research questions. Data mining, comparative analysis, mathematical algorithms will be put together for this research.
Research Overview
This project research will commence with collection and management of relevant data and understanding the important principles of microstrip antenna designs. Secondly, there is a need to know what software is suitable for the design of the slotted E-patch microstrip antenna. There are several electromagnetic CAD software available but the most preferred for this research is the Advance Design System (ADS) software developed by Agilent. The ADS software uses a finite element method to solve the problem of electromagnetic distribution once the RF source is determined from the point in the design. The ADS have the capabilities to compartmentalize the simulation results on a need to know basis and this means the ADS will not simply display unwanted results, but these results will be abreast in a chronological order, which makes it easily presented by the designers. Finally, the antenna design will be fabricated. A Network analyzer, Spectrum analyzer and an ATS system will be used to test the design. The ATS is an Antenna Test System mainly used for radiation plot and also, it comprises of a transmitter and a receiver. This section will discuss about the E-patch antenna structure design and by following the calculations of the E-patch, the entire antenna diagram can be sketched into an ADS environment ready for simulation. The E slot is formed by cutting the rectangular patch creating an aperture to aid in enhancing the performance of the antenna. 
b. The wavelength calculation:
To design an E-patch, the size, shape and also the material to be used must be known. The size is determined by the operating frequency known as the wavelength, measured in meter (Constantine, 2005). The analytical study shows that the width of the patch has insignificant effects on attaining resonance and through the mathematical modeling the patch width for desired frequency can be achieved (C.A. Balanis, 2005). Due to the effects of the fringing field surrounding the radiating patch, the electrical dimensions of the antenna will be greater than the dimension. Hence the change of length because of the effect of the fringing field is presented (C.A. Balanis, 2005) . The slot cut aperture distribution method is employed to yield the radiating field and aid in achieving the dual band (Yi Huang, 2008). Step 5: Position of the Feed Point The E-patch antenna feed point is place at the middle arm of the E shape. The standard scale /2, /4 , /8, /10 extension from the edge of the patch is required in order to determine the probe positioning and the position of the feed point can be adjusted until the resonance occurs (Thomas, 2005). 
Summary of Design and Methodology
The research design methodology involves the software and vital fabrication equipment's to be utilized to achieve the objectives of the research. The water fall model was used because it is efficient and can quickly be incorporated in the development required for the entire design scheme.
In summary, this chapter demonstrates the procedure involved in determining the design concept of the E-patch microstrip antenna.
4.
Simulation Result and Discussion
Introduction
This chapter presents the simulation results and an illustration of the E-patch antenna that operates in a dual band mode. Additionally, the results of S11 magnitude, VSWR, Return loss, impedance matching, Reflection coefficient etcetera, will also be observed in this section.
Result and Discussion
The design of the E-patch Microstip antenna using the ADS software shows the simulation results are presented to estimate the performance of the antenna by using the antenna equations to determine the parameters, with the FR4relative permittivityr = 4.4 and thickness of the substrate at 1.5 mm. the criterion for determination of frequency band is value of return loss less than -20dB. From the above S parameter variation plot, it is observed that the lower band resonates at 2.4 GHz with a return loss of -40 dB while the upper band resonance occurs at 5.8 GHz having a return loss of -35 dB with both resonating frequency bandwidth at 14%, and having a gain of about 10 dBi. Similarly, the VSWR variation plot shows the value of 1.020 at 2.4 GHz and 1.036 at 5.8 GHz. 
Conclusion
The E-patch microstrip antenna has been achieved through design by applying useful equations, slot cuts and technical parameters to enable a better performance. The E-patch antenna is designed to operate in a Wi-Fi range and the theory involves an FR4 material having a dielectric constant of r = 4.4, with a substrate thickness of 1.5 mm. The Electromagnetic simulator software package used for this simulation was the Advance Design System, and from the simulation results, it is eminent that the E-patch antenna has provided a useful design that operates in a dual band mode with resonant frequencies at 2.4 GHz and 5.8 GHz. Although at this frequencies, the resultant S11 magnitudes are less than -20 dB, this shows a good percentage value acceptance of the signal reflected. Also, a healthy VSWR result of less than 2 was obtained which is a customary criterion that confirms a well-accepted matched antenna.
